The Hurst exponent of very long birth time series in Romania has been extracted from official daily records, i.e. over 97 years between 1905 and 2001 included. The series result from distinguishing between families located in urban (U) or rural (R) areas, and belonging (Ox) or not (NOx) to the orthodox religion. Four time series combining both criteria, (U,R) and (Ox, NOx), are also examined.
Introduction
The detrended fluctuation analysis (DFA) method [1] is commonly used to sort out the characteristic Hurst exponent of time series, or its fractal dimension. Alas, many series are of quite finite size. However, the daily birth evolution in Romania during the XX century is known, from official surveys. It amounts to about 35 600 data points, -which an interesting very long time series.
More precisely, the available time series goes from Jan. 01, 1905 till Dec. 21, 2001 , i.e. for 97 years, thus 35 429 days; see Sect. 2. Moreover, the birth records distinguish between several social characteristics. In particular, we consider here below the aspects of a urban (U) vs. rural (R) family location, and the orthodox (Ox) vs. nonorthodox (NOx) family ground. Note that it might be of interest to distinguish cases within the NOx population, i.e. between various religions or sects. Indeed, it has been shown that religious values and practices have some influenced on pregnancy outcomes [2] . In the present case, there are not enough data points for a valuable statistics when considering these sub-populations. Whence we regrouped all non orthodox affiliations into NOx. However, we also study the combination of such "degrees of freedom" location and religiosity. Information on such population distributions in Romania is given in an Appendix (Appendix A) for completeness. We emphasize that the goal is not to report a snapshot of the baby production in Romania in the last century but to examine whether some modelisation is realistic, e.g., through a non-trivial fractional Brownian motion.
In other words, a goal is to investigate whether the "daily" production of babies is purely noisy or is fluctuating, -in four types of populations, characterized by either their habitat or their religious attitude, yet living within the same political regime. For the present paper we focus on considerations, on whether there is a coherent or not behavior in baby births, when either the family location or some family religiosity implies a different collective behavior, and whether the combined set of these two "parameters" (of family characteristics) leads to similar or different outputs. The answer is searched for on whether the various time series correspond to a fractional Brownian Motion [3, 4, 5] , characterized by its fractal dimension or its so called Hurst exponent [6] .
Another goal was to find whether some periodicity exists, e.g. a seasonal one rather than a yearly one. The DFA is useful in this respect, see Sect. 3.
On the methodology side, recall that the DFA technique [1] is often used to study the correlations in the fluctuations of stochastic time series. It has been much used in econophysics in the recent past [7, 8, 9] , but in many other fields as well, as e.g. in meteorology [10] , in real signal spectral analysis [11] or faked ones [12] . Briefly speaking, the DFA technique consists in dividing a signal time series y(t i ) of N points, measured at discrete regularly spaced (or not) instants t i into an integer number of boxes N/τ having an equal size (= n), such that these non-overlapping boxes (called also windows), each contain τ points [1] . The local trend z(t i ) in each box is assumed to be linear, for simplicity. From the ordinate of a linear least-square fit of the data points in that box, the detrended fluctuation function, φ 2 (τ ), is then calculated following:
Averaging φ 2 (τ ) over the N/τ intervals gives the mean-square fluctuations
The exponent α, is considered to be identical to the Hurst exponent when the data is stationary; see Sect. 3 for a comment on the presently investigated case. For the reader's own reflexion, it can be here recalled that the (Hurst) exponent of a time dependent signal not only represents the so called roughness of the signal but also the behavior of the auto-correlation function c(τ )
therefore expected to behave like ∼ τ Hu [6] . The output (α) implies the existence of long-range correlations when α is not a half-odd integer. In fact, α is an accurate measure of the most characteristic (maximum) dimension of a fractal process [13] . An exponent α > 1/2 implies a persistent (smooth) behavior, while α < 1/2 means a so-called anti-persistent (rough) signal [3] . The latter regime implies a signal fractal dimension D close to 2, the former close to 1. Obviously, the signal fractal (correlation) dimension: D 2 = 2 − α, where α is the slope of the F (n) trend, on a F (n) vs. n log-log plot.. The simple Brownian motion is thus characterized by α = 1/2 and white noise by α = 0 [3] . Practically, the characteristics fractional Brownian motion values are found to lie between 0 and 1 [7, 8, 9] . Our findings are given in Sect. 4. These examples have been selected for showing a state of "nothing too special", although at the WWII time and one "very special" time interval, illustrated by a much relevant event in Romania history, corresponding to Ceausescu decree (#770) forbidding abortion, on Oct. 01, 1966. A remarkable peak is observed in the data in the following year. Note that after that decree the cohort born in 1967 doubled compare to the previous year by almost 1 000 babies.
Data

Technical points
Several technical points are in order.
• Regression lines, to obtain α in Eq. (2), were obtained through the maximum likelihood method [14, 15] in order to avoid biases as observed in the least-square regressions in the log-log domain [16] . For a discussion of finite sample effects in sequence analysis, e.g. see [17] , but it can be reminded from a technical point of view that Wheaton et al. [18] showed that the least squares 2 free parameter fitting processes can be equivalent to the maximum likelihood method when Poisson statistics apply.
For completeness, note that other methods for fitting to the power-law distributions, as expected here, provide biased estimates for the powerlaw exponent [19] .
• Note that 35 429 is almost a prime number; it can only be decomposed into the product 71 x 499; which would mean to have only two boxes for calculating F (n). Therefore, during the DFA procedure, i.e. before decomposing the data series into equal size boxes (before searching for the residuals and averaging, as described in Eq. (1), several data points are sometimes "not considered" in the process, in order to maintain an equal number of points in each box.
Taking all this into account, the n range which has been always examined goes from ∼ 6.91 (∼ 1000 days) down to ∼ 2.30, (∼ 10 days), -resulting in a series of 100 different box sizes n.
• Note that one should be aware of some possible yearly or seasonal periodicity in the data: it is of common knowledge that babies are not equally born on each day of a year (see Appendix B). Thus some regularity might be expected, though with amplitude fluctuations over the considered time interval, about one century. On the other hand, it is of common knowledge that every calendar year in Romania starts (in the Gregorian calendar) on Jan. 01, and has "usually" 365 days. There are 24 occurrences of a leap year, but the implications seem marginal.
Every year, there are also 12 months in a year. This is roughly seen on Fig. 1 . It has been shown by Hu et al. [20] that a periodicity in a time series implies a break (a change in slope) in the F (n) plot at the n value corresponding to the period. Thus, a "break in slope" at 365 days →n= 5.90 ln(365) has to be expected in the subsequent plots. Moreover, seasonality might be a sub-period constraint, i.e. 3 months (or 90 days) → n=4.5 ( ln(90)) or even 4 months (or 120 days) → n=4.8 ( ln (122)). To demonstrate the possible periodicity in the present investigation,we have imagined a time series with a constantly increasing amplitude, i.e. adding (i) a constant step each day over 365 or 366 days, depending on the year, like a series of step functions leading to a regular staircase, or (ii) a constant step during each month (with various days) of the 97 years of interest, leading also to a staircase. Fig. 2 shows the periodicity effect in the (i) and (ii) time series on a F (n) vs. n log-log plot. A well marked slope break, from 1.4 to ∼ 0, is obvious at n 5.9 for the (i) time series,→∼ 365 days. A break in slope is also well observed at n = 5.9 for the (ii) time series. This, together with Hu et al. [20] considerations, suggests an upper range analysis limit to be n ≤ 6.0. The lower range limit is less obvious.
Another independent illustration test of a seasonal periodic trend can be performed on some average daily temperature, in order to observe the lower n range limit. For these, our source is the Romanian National Meteorological Agency 1 . We chose to test the DFA application to the temperature data series, pertinent to Bucharest Airport. This is illustrated in Fig. 3 . Three power law regimes are outlined. Two, the extreme regimes, large n and low n, are giving absurd results. Thereby the lower range limit of interest is found to be at n = 4.5 (→∼ 90 days, corresponding to a trimester.
Thus, only the DFA data points between n = 4.5 and 5.9 should be taken into account for measuring a meaningful Hurst exponent. Therefore, this periodicity elimination criterion has been used for defining a valid time window range in the birth data series analysis.
• Moreover, a question is often raised for statistical purposes, i.e. whether the data is stationary or not [21] . This theoretical question seems somewhat practically irrelevant in many cases, like finance, meteorology, and demography, because the data is "obviously" never stationary. A restricted criterion on stationarity seems likely sufficient for discussion and scientific progress: if the data mean and the whatever-extracted-parameter do not change too much, allowing for a moderate trend, as a function of time, the data can be called quasi-stationary. Nevertheless the matter can be considered thereafter to be the source of a fundamental investigation. The prefix "quasi" is in fact, practically, conventionally dropped. Not having a posteriori noticed any specific effect which could be called spurious or anomalous, we have considered our study and findings worth of report, according to the standards mentioned here above.
Therefore, we have made some stationarity test [22, 23, 24] . All series seem to be stationary in this respect. Results of these tests can be provided if needed, but are not displayed in order not to overload the present report.
Discussion
The enclosed figures, Figs. 4-5, provide the relevant results of the present study. They report successively the best fits of the relevant F (n) function on a log-log plot and the deduced slope, corresponding to α and equivalently to the Hurst exponent in the following cases, together with the regression coefficient: All α values for these different cases are summarized in Table 1 . It can be observed that the regression coefficient is quite large, often much larger than 0.96 for the one-criterion filtered data, and above 0.92 for the 2-criteria filtered Table 1 : Resulting values of the fits to the indicated data with a power law, Eq. (2), for obtaining the Hurst exponent α and its error δα, from which the signal fractal dimension, D 2 = 2 − α, can be obtained.
data.. The Hurst exponent usually has either a high value (∼0.9) close to that of a strict persistent signal [3] , or is near 1.2, -mostly for the 2-criteria filtered signals. For comparing with a visual case, let it be known that the roughness of the line of summits in the French Alps near Chamonix, FR, has a fractal dimension = 1.2. It can be observed that some very slight difference exists between Ox and NOx; it might be partially due to the amplitude values, as well as between rural or urban locations, for the same reason. In such cases, the signal fractal dimension is always weaker for NOx than Ox, and for R with respect to U.
The most interesting point is found when observing the fractal dimension or Hurst exponent when two criteria are imposed: the birth in UOx (urban & orthodox) families becomes less coherent (D 2 ≥ 1.2), while RNOx (rural & non-orthodox) families) tends toward a smoother persistent behavior.
Conclusions
This report has presented a study of the behaviors of populations according to long time series data. One of the goals was to investigate whether the "daily" production of babies is a purely noisy signal or is fluctuating according to some non trivial fractional Brownian motion. We investigated various types of populations, characterized by either their habitat or their religious attitude, yet living within the same political regime. We also searched whether some periodicity exists in such signals.
We describe the data and the methodology. We could analyze very long time series giving the number of babies born per day in Romania during the XX century. We used a simple DFA method on all together 9 cases. In conclusion, it has been found that beyond the signal periodicity and the various historical and political events, the correlations between births lead to a very persistent signal, -whatever the family location or religious membership, even though the data looks very stochastic.
We found collective coherence. However, we have also shown a combined criterion effect. The Non-orthodox sub-population living in urban areas, has a behavior similar to that of the Orthodox population, wherever it is located, but the RNOx population departs from a usual random process, -for us implying a stronger conditioning on religiosity rituals or rules.
For further studies, we may suggest (as also recommended by a reviewer) to go beyond the simple DFA, in order to investigate what power-law cross correlations can be found between such simultaneously recorded time series, thus generalizing Eq.(3). To do so, the Detrended Cross-Correlation Analysis (DCCA) [25, 26, 27, 28] , also including multifractality aspects [29, 30, 31, 32] , can be useful. However, this leads to different aspects than those hereby searched for and outlined. Table 2 : A few statistical characteristics of the daily number of births in Romania during the XX-th century according to different criteria for characterizing families, not only location and religiosity, but also ethnicity and religiosity conditions. It is known that the phenomenon mainly depended on seasons, because of night duration and temperature. Wargentin [33] showed that the baby production was more frequent in december than in other months; he suggested "causes" for his finding. Quetelet [34] found a birth peak in February and a minimum in July for Belgium and The Netherlands, in [1815] [1816] [1817] [1818] [1819] [1820] [1821] [1822] [1823] [1824] [1825] [1826] . Moheau [35] already distinguished country side from cities, but found in both cases, a birth peak in spring time, thus a summer production.production. Villermé [36] pretended that the cause for such variations was the temperature. Nowadays, i.e. in present times, the temperature cause has to be much disregarded [37] . The seasonality effect is less marked nowadays in advanced civilizations. Nevertheless, it is still observed, e.g. in Romania, as shown on Fig. 6 . The figure results from a daily aggregation for all 97 years, whence the data concerns almost 25 10 6 births. After aggregating the number of births data for each day, the daily shares were calculated. Next the values were coded within their quintiles; different colors are used to distinguish different groups. It can be understood that a depletion during wither months (December-February) implies a lack of production at the end of winter and beginning of spring, when work activity in the fields has to resume. Recall that a uniform distribution requires for each day a 1/365.25 share, i.e. 0.2732785%. N.B. We have applied a χ 2 test for comparing to a uniform distribution and found statistically significant differences: p ≤ 0.001. Notice that we have investigated, as a possible "parameter", some religious affiliation which implies some specific sexual behavior at various times during the year, thus leading to something else that a seasonal effect. It is known that religious rituals are quite tied to seasonal activities. Therefore, a weaker attachment to religious principles might modify the seasonality effect [37] . However, a Fourier transform of the examined data in the main text and an extraction of whatever cycles are not part of the present investigations, only concerned by whether the daily birth production is a coherent or not signal.
